The supplementary eye field has the biggest say in choosing what we look at, but has long been an enigma. Recent studies are beginning to make more sense of what it actually does.
Apart from their mutual interconnections, afferent fibres come to them from all over the cortex, but predominantly from associational visual areas -both the dorsal 'where' and ventral 'what' streams, though the SEF receives more of the former. Both areas innervate the neural circuits in the brainstem that send commands to eye muscles to generate the saccades that swiftly point the eye at a new focus of interest in the outside world, and also the superior colliculus, whose function -aided by the cerebellum -is mostly to translate the location of visual targets into commands to the brainstem with the correct timing to make the saccade land where it is meant to. In addition, via parts of the basal ganglia, they are both capable of tonically inhibiting these same saccade-generating areas (Figure 1) .
Electrical stimulation and recording also reveal broad similarities, but some significant differences, between the two areas. One is to do with the mapping of oculomotor space. A recurring problem for the oculomotor system is that the commands to the eye muscles define eye position relative to the head, yet on the one hand the visual signals that drive them come from the retina and are therefore relative to the eye, whilst on the other hand the objects in the outside world we want to look at are usually at fixed positions in space. As we move our head and eyes, the relation between these three sets of coordinates -retinocentric, craniocentric and exocentric -is perpetually changing, and the maps that link them must be continually modified by the oculomotor system, using information about eye and head position obtained from muscle and vestibular proprioceptors, and also from 'efference copy', representing knowledge of the motor commands being sent out.
In the FEF, the mapping is simple and systematic: it is retinocentric, so that stimulation at any point results in a saccade of a certain size and direction that does not depend on where the eye starts from. But in the SEF this is not so: most experimenters have found that stimulation makes the eye go to a destination that is defined craniocentrically, and saccades starting at different points are modified in size and direction to achieve this [5] . Correspondingly, patients with lesions in this area perform badly when asked to perform from memory a sequence of saccades corresponding to a series of previously observed target movements [6] : there is perhaps a parallel here with the commonly held view that SMA in general is concerned with internally generated movements rather than those immediately prompted by stimuli in the outside world [7] . Anatomically, this kind of variable mapping poses a problem for the SEF [8] , but studies of its projection to FEF [9] demonstrate precisely the kind of simultaneously convergent and divergent connections that are required.
What is particularly interesting about the recent finding of Fukushima et al. [2] is that it hints that the map may even be partially exocentric. Some units show clear signs of receiving information about head velocity from the vestibular apparatus. This is most easily seen by comparing single unit activity first when the monkey tracks a sinusoidally moving target while keeping the head still, generating smooth pursuit, with what happens first when the chair moves with exactly the same velocity profile as the target, and then when the target is fixed in space and only the chair moves. When the chair and target both move, the vestibulo-ocular reflex is suppressed and the eye remains still; yet although the target is then stationary with respect to both the eye and head, the neuron's activity is still modulated. This is reminiscent of an even more surprising demonstration some years ago [10] that neurons in SEF are capable of going a stage further and coding, not just for position in space, but for position relative to a moveable object, for instance responding to one end of a bar wherever the bar was placed.
Another kind of mapping is even more central to what the oculomotor system has to do: that from stimulus to response. Normally, the amplitude and direction of the response corresponds to the amplitude and direction of the stimulus, but in the laboratory it is easy to devise experiments that sever this link and discover whether a neuron is coding essentially for the stimulus, or for the response. One is the countermanding task, where on some trials a stop signal is presented soon after the stimulus, that instructs the subject to cancel the impending response [11, 12] . Another is the antisaccade task, in which the subject must make a saccade not towards the visual target, but diametrically away from it [13] , a particular example of a situation where subjects must learn an arbitrary connection between a stimulus and a directed response. Previous studies have shown how SEF neurons may change their responses while such associations are being learnt [14] ; and one of the new papers [3] demonstrates unequivocally that SEF neurons may be particularly active in antisaccades (Figure 2) . Of the units that were movement-related, firing in advance of saccades to a particular locationwhether evoked by a stimulus at a corresponding point or, as with an antisaccade, at somewhere completely different -this activity was significantly greater for antisaccades than pro-saccades, even though the resulting movement was identical.
Another situation in which there is a temporal rather than spatial disconnection between stimulus and response is when a movement can be anticipated through experience of predictive cues. Here, too, SEF neurons seem to play a special role. A type of eye movement for which this kind of prediction is most obvious is smooth pursuit, where any regularity in the way a stimulus moves is seized on with remarkable rapidity, and used to track with greater precision or shorter latency. The third of the new papers [4] demonstrates how SEF neurons seem to be involved in this process. Here a target started to move at constant velocity a fixed time after presentation of a central visual cue; this is a potent situation for evoking an anticipatory pursuit, and previous work has shown that, in this situation, SEF neurons often fire in advance of the true stimulus itself [15] . Missal and Heinen [4] have now shown, conversely, that stimulating the SEF during the waiting period increases these anticipatory movements and makes them occur sooner.
Finally, a number of studies have suggested that the SEF may have a particular role in overseeing the performance of the oculomotor system, responding to errors [16] . With its strong mutual connections with cingulate cortex (Figure 1) , long regarded as an outpost of the limbic system and concerned with motivation and attention, the SEF forms part of a sort of oculomotor moral system, concerned not so much with the moment-to-moment direction of activity but with 'setting the tone for behaviour' [17] . Anyone who has been a subject in a countermanding experiment will be aware how every failure to stop the movement when told to do so leads to temporary feelings of guilt, reflected in a short-lived slowing of reaction times. Perhaps one can now see that the various parts of Saxe's elephant are indeed one: for both motivation and anticipation must of course be to do with real objects in the outside world rather than mere retinal locations, demanding the remapping that is so fundamental an aspect of SEF function; and to monitor and correct our immediate impulses in unnatural tasks such as antisaccades and countermanding it is essential to have an oculomotor police force powerful enough, when needed, to repress cortical mob rule. 
